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0 
ammid, inmosmfim 
08* «f th« Mont dlffiottlt problMts faoing aan in th« 
BOdtJfB vwtXA with i t * tergcoBing popuXatlon i s ^ « ••tabli«h> 
sent ef jpeasenabl* tuumenijr lMt«««n m •t*MXi»«d worXA iHipitlJition 
%n4 ^ « •nvi]r<H»«nt«I reeouro«» upon nfeidh tiiat poj^tlfttioii 
a«|H>nA»* lt«n» lik« other ercftnims l ives in and dapanda upon 
anviroHsant uliieli ia l»otli linitad and vnlnerabla, A larga part 
of t)ia population praaant aaciat at low nutritioiwl lavala. 
A MeXogiat oan halp towarda undaratanding of san'a 
ralntion to hi» anTironnant and how thia oan ba rmxi&%r%A atabla, 
non-^totraetiva and rawarding* MaiMgaaant vi ^nvironaant i s 
bast approaebad throiagli tha atudy of preduotiTil^ and oyoling 
€^ mitriants, and attooaaaional proeaasaa within tha aoosyataa* 
About 701C of Hia aarth*8 anrfaoa i s ooTorad br tha oeaan. 
In thia Taat area, l iving sattar i s produoad on a gigantie eoala 
by tha eonrarsion of inori^mio natariala in ths saa into org^nio 
l iving aubstanoaa by photoayathaais, in m^wrml biUiona of 
phytoplanarton ut i l i s ing tha radiant anargy of tha •uxim Thaaa 
bil l ions of plant oalla fron tha starting point of a m^rimB of 
ori^inisast both plant and aniaal, avail and larga, oulninating 
in axtranaly apaoialisad fore of l i f a lika tha whalas. Aooording 
to a rotii^ astinata, tha ooaan i s prodneiag at iMiat two thouaand 
b i l l i en tons of or^miio amtter par yeutf auoh of wliioh has «t 
»!«• aR^ I foni y«t to feo hajETroat©^ bjr amn with •xls t ing sad 
known iiotho<ao of toohnology. Whoti wo oon« to tho App^x of tho 
food ohaia la tho oo&» tho prooont ostiioato iadio@ktoo that a t 
loast two himdrod niXlion ao t r lo tono of f iahoiy reeourooo 
oottXd !»• harvoetod from the o««« <>>t a tifflo «^«n tho preoont 
wori4f food rosQurooe gyro not aootin^ tho dwsBaads <^ tho growliig 
is*»pal»tioa, ft auoh hotter imdorstandlog of pi^oductlYlty a t a l l 
I«Tole of tho food ehsla 1» #«»fi«ntlal« 
Prisajry prodttotlYlty has boon used as aa indox of the 
ppoduotlvo p»©ton.tlal of a body of i»ator la oaaj diverse ecosyo-
t«®0 In •arioue parts of the world. PrlMary productivity ia a 
dlvieioB of felologiottl ttoleaoe whioh deals with the t raaofor-
Mfttloa of solar ensrgy la to tho potential energy of o r ^ a l o 
pretoplfi 
The study of the dyaaaies of priaary produotlvity «ao 
f i r s t enhimeed by the *'llght aad dark^ hot t le nethod of e e t i -
matia^ photoeya the file* developed hy Oaarder aad Qrm.n (1927). 
The ohaage ia o^gea ooaeeatratioa was the parasioter used to 
oettiiate the aa^gnitiade of f^ tosyatheoie . Sinee that tiraot 
additloaal aad direet sethode of es t iaa t ia^ th ie paraaeter i^d 
i t e ooapleaeate ia the i^ toeynthe t io preeeeses, have beea deve-
loped aad ueed la both eaelosed ^ad opea syetcse* Theee methods 
are presented la the vorks of flaherg aad Yarovitaiaa (1939). 
laaalag aad Jaday (1941), ?«rdala (1951), Ohio (1952) aad ste«ma 
l i e l eea (1952)» 
With th« MdTent of these t«ohnlciu««, attentien hmm been 
i ireoti^ tcwardt the eetination of Integral ^otoayntheela in 
the photio eoltwn* It ia generally moeepted that the In-elta 
eatlaataa of phetoi^ittheaia are aoat dealratole. In large bodlaa 
of water auoh aeteminatlona are not Tory praetieal, due to the 
large requirsaenta of peraozmel and eqttipnente. Oenaequently, 
att«ipta have been made to eatiaiate inteis^ral liiotoayn^eaia by 
«ore experlsiental nethoda. In 1952 > Ste«wii Nlelaen Introdueed 
an eaplrieal formula for eatiftatlng lntegf«l i^otoayntheala In 
marine miters uaing radloaotlre earbon. Hodhe, Vollemreider and 
Hauwerok (1958) and Sorokln (195C»t 1958) dereloped vodifioationa 
of the baaio Stetsian Mlelaen aethod* Eyther (1956 a) has presented 
m nore theoretioal treatnent of eatiaatlng Integjml photoayntheala 
14 
maing larbon^. 
Considerable knowledge has been gained in the reeent years 
on "^e erganio produotion 9t natural bodies of water (Tentsoh 1955* 
Striokland, 1965 and Baynont» 1966). 
Published aoeounts on solar radiation peiMtrating the 
oesans are far too luinerous and such of it is fairly well known 
frora the reriew of Strioklaad (1958}* HoweTer» despite the 
aoknowledged iffiportanoe of surfaoe Bxai sabaarino radiation« only 
a few studies hare been us^ertaksn on light eoi^itions of tropioal 
waters and espeoially of the Indian regions. The only works in 
the Indian Oosan where aubaarine illoainatioB has been inresti-
l^ted are those of Bangarajan (1962) and Clark and Kelly (1964)* 
Oeteraination cf the transparenoy of water using a sseohi dise* 
w«rt aitde by l>ra«ad (1952) m& iao (1958) la th« B&y of Bangal. 
no prrriout infonmtlon le aTeil&bl^ on any otb«r parte of tho 
Aralilaa Soa* 
looping in view of tho p&uolty of Infomatioa on tho &f oro-
•aid asp«els» th« proeent lATsstliHtion has tniea imil«rtak«R to 
Btudy tha baala of blologioal produotiritj in tho Inahore 
watojra of tho Afttbian Soa and to uR«loratand tho liayo In iritiioli 
•uoh largo oooayotona oporato* asd tho oxtont to ^ leh thoy 
ean bo inTootigatftd • Saidiiaoio will bo laidi on tho prisary 
produetivity and ita moaaaroaonto, onorgy flow pathwayo (food-
ehain)» Halting faotors, intaractlons of epoeioo, blo-ohMiloal 
oyelingt spaeles dlvorsity^ and othor attributoa n^loh intoraet 
to ro^lato tho atxnaoturo and funotlon 5f oonniunltloa. 
fhlo typo of roaoaroh will load towardo an improYttsant of 
our ynd@ratandini( of tho baaio ooologloal aeohanissia whioh 
oontrol tho abondanoo, dietribution and productlTlty of aarino 
organiaaa of all Idndo throunliout tho trophlo olialn in tho 
baolDMttor and Inahoro watoro of tho Arabian Soa. 
Thoro is «i argont nood to aoquiro thlo faadaaontal knowlodgo 
in ti&o rogiono whioh aro oaolly aoeoooiblo to nan, auoh ao tho 
eoaatal aroao, tho littoral aonoo, tho watoro of tho eontinontal 
•holf, tiio ootoarloo, lagoons and aangroro swaitpa* 13io do toe-
tioB and aoasttraaont of ooologioal atoohaaioao will bo dopondont* 
la part* on ^ o opporttmlty to aairo ooMpariseno botwooa dlfforoat 
onrlroaiionta and to uialyoo <tnaatltatlToly of tho ooaoeaal 
Tariatlon in tho rata of produotl<m and turn-ovor botwowti 
dlfforont troi^o lorols. Tho objoot of thla la to Idontlfy 
I » 
a»i moasujrt th« orgmninsfta, ii«trita9 and •olutlotiii in v^ieh 
tli« ojrgaiiio aatttrlal i s hvld »nd th» rat** nt vliioh i t ie 
sjrnthttslscd aM pa»0«d or«r frosi on* organiftn to another, 
e0iapX«d with tht ai«&«ujr«uint of r»Xiit«dl phjsioaX and 
ohMtio&I f so tors* 
Daring tho !(&•% deoa^e* thers ban boen « r«i»i4 imw-
lopMoat of tho ttothodo for assooKiag th« orgioiie oontont end 
rstoo of produotion in the sea. km nsfi^ of ^ooo ao^ods aro 
pliiftio&X or oh«iieal» th«y load thwioolToo to intor'-oalibratien 
and 8ttt?idardi»ition{ eineo Ihoy aro dlrootod towardo noaouring 
tho Ota of biologioaX ^ooossoo, rathor than of thoir eonpoaont 
part«» thojr i^ rovido i^ort'^oitt tovardo th« uniorsteading of 
bioXogloal produoti<»t. Th% following ^mprnet^ aro to )Ni taken 
in the present isvostigationt-
1- Rydroifraphy (fe«porature and Salinity)* 
2" Soiar radiatiCKi. 
3- Utttrienta. 
4* Biytoplanltton pignents. 
5- i^te of photoeyntheeie (Oxyfon and C * nethode). 
6* Iliytoplaaktma oeunte. 
1" Zooplankt<m popytlationa. 
Sinoe l ight playe a vecy inportant role ia the lOioto-
eyntiieeiB of the i^toplanktoa population of the area, thle 
aapeet waa lateneiToly inTeetigated whloh haa been dealt with 
here* 
As & part of th« Investigations ths Coehin Baokwatsr 
was sslectsd ae ths pjreliaiiutry spot df study. In the f i r s t 
iastanee hylrographie factors and l ight studies were raade« 
whioh are presented in the fore of this dissertation ivhile work 
on other aspects i s in progress. 
s o u s lABIAflOS ASB I fS FI IE tMf lOS IW OOCHIM MCElATSa 
liitro4tietioiit 
Soeliln iteekwatcir i s & shttllow »«8)i«Hiiiel.os*d tropio&X 
o * a * 
•stttary l&ca««<i ^%wtt«a l&t. 9 58 M and los^* 7€ IS ' <>& 
the «r«et ee&st of Xniia, It h&a a total arftft of ftbout 
200 sq. alI«B. It i« bjr far on* of th* lari^fit t«tuaurio« 
of li^ia* On tli« w«8tor» aid*. It ie p«jm&a«ntiy oomieetod 
with tlM Ar&biaa &«m by a narron ohamtoX, about 450 m. wia«» 
i^loh fox»8 th« sain «r«tjran<^ « to tho Coohln harbour. Tvre 
largo rivoro, aca^oly, t!i« loriyar on tho xiorth and i^9 
^tmpii on tho aouth» flow into I t . A brlaf eutllna of tho 
goaox^l b^drogmi^o eooditions of tMo oeitiiarjr hae boan 
raporto€ aarllar (Qaals aad iiaddy, 1966). 
fho ehitf obar&oteri»tio»» howeiror, of tho ootuary ara 
tbat dtiriiig tlio BOROooa noiitho i t raooivaa eonei^ lttxmbla 
aMOtmt of fro&hipatar froa tho rlv'ors and othar oouroaa and 
baoonao highly turbid* fha total aomial rainfall of Coohln 
araa la about 5»200 an. , <tf whioh aaarly 75^ oooura during 
tha pariod isay-^apt. In tha aatuttry» tha aaliaity imrla* 
tioaa fron oaa part to tha othar and fren ourfaoa to tha 
botto* ara vary wida. Th% onaet of s.w. !ii!onao<m and i ta 
duration iiiay» howarort irary froa yaar to yaar. 
^ « woi!^  im «olajr ifnilatioii mM i t s related &«P90to 
b«f^ii la April 19$5 as p*rt ^ a progrmaiBis en ths bydrogra^D^r 
of Odoliiii l>aokif«tsr. f l ^ . l siiows ths oppsjr rtmo)i»s eC l^m 
•sttt&jn' i^ielk <»r« ol.o»« to ths ssa andl vlisrs obs9jnr%tioa on 
l i i ^ t iHiiistr&tioii wftjTt a&ds* la a l l , four statlonSf »i»r«ftd 
oy«r II 4i8taii«« of a ^ u t 15 kns w«rs ss loots i t fti«8« li&'vs 
bssA sliiyim in f if*f, Station I9 ^i^h I s in tho oluumol oloss 
to tbo liarboiir imA a Saptli of 12 ns ta rs t #iar«a» ^ o otiiar 
titraa statlona wsrs In ^ a l l o v a r wators, with asptiis rani^ng 
froK f*7 » . Tha tiottOR c€ tha aattiar^sr «aa Ktid j^r* flio t i d a l 
MBij^ lltmia ma a^ t i t 1 «atar In tha liarlK>iir araa, aaoraaalnf 
to laaa ttian t aa tar a t Station 4* flia araa shown In f l g . 1 
la a oantra of %wmm aetlvltjr , Baeidaa tlia Inocmlng and 
oatnoing iihl|»s, tteara la a rafiilar farry aarvloa frcw ^ a 
aainl&nd to irarloiae tiiilekly poptilatadi lala«iia alttiatad w l ^ l n 
tlia %9%imity> A nt»Rl»ar of drains an^ aanaga outlata flow Into 
tlia astuarar naklng ^^« aatar In oartaln starta IntanalTsly 
polltttad• 
Froeadmra and Mathodat 
"ma asionnt tsX AmiXf Ilgtit onarfir fa l l ing on tha 
aiarf &aa ima maasurad hf taking two hourly roadlng with a 
l«a»etar 1^ou#iOMt tha day from aun-rlaa to aian-«at» tmdar 
dlffar«nt l igh t oondltlona of tha jaar» fh^ Xuanatar naad 
waa 0r. i* I^anga'a fypa XX, harlng a aalanlun $lioto~al««9nt 
and a Mleroasmatar oallbarated In lux* ?h«aa raadlnga wars 
•iir«Fttf#d to fliiS th« total iilimiiiatiom par im^. Siiio# 
60111814«jmbl* ••urlfttion •xlst«<i la th* l l # i t lnt*»siti»» 
t)ur«ai^0!at tit* yvar, ^^^p^wAlng upon how auoh tho sua ims 
ol»9«a3r«4l 1^ olimdo or dluat oontont of th« atao»ph«r«, 
ol>«»rriitioiis on tho tot»tl 4&lly light iatonoltios woro 
«djit»t»a aooording to total oti&ahlito pmr da^ r. thus whon 
tho emm«hlii« hours voro 10*12, th« asount of dailf l ight 
falXiitg Q» the surfaoo vaa $00-700 kiloltiac houra (avaimga 
$00 kiloluac hours) at^ for S«>10 houm of sunehina tha aToraga 
dlally iUti^iaatioB w&m ahout 500 kiloXuz hours and ao on. Bia 
^aiXy ilXiMiBatioii fmotors for tha dluration oi auaahina thua 
kitowii C«aa TabXa 1)» tha esunohlae houra of aaoh day wara 
«0!iYtrt«i into Xight anargf hours and pooXad to f indl out the 
aritl^eatlo aaaa of aaeh nonth. 
fh« saaouraaant of Xi#it patieti^tion wora na4a at fort -
nifhtXT' intanmXe l^ auapanding tha awna Xumatar to varioaa 
4a|)tha. Th« inatrtm^nt hao a ranga 0-100,000 Xux and waa 
partieuXarXjr tanaitiva to ^a antira vitihXa i^nga of aun and 
alqr-Xii^tt 300«ir5O »tt and gi&y & aaxiniw raaponaa around 550 nU' 
for iia^aurin^ hifh rtua^m9 of IXXtoiinatiott a apaoial gray fiXtar 
with a l ight ahaorption faotor 100 waa uaad* AXX aaciauraaanta 
wajra »&d0 at about aid-day with ouatoaary prao&utloBS. S|>aoiaX 
a a i ^ e i s wan Xaid that during l^a uaaaureeanta at diffarant 
dep^a tha daylight ahouXd ha ataady fmi on aXX auoh oooaalona 
whan tha aun waa ohaourad by paaeing oXoud»« tha raadinga wara 
dlaeardad* Iha daoraaaa in IXlunination at aaoh nator dapth 
w«» •3tpjr«seiMi mm th« Tcrtl@al •xttntgtlon oodffioieat, 
log I, - log l^ 
k • 2.3 s 3 ^ (1) 
«ti#jr« k le th* fxtiBGtiofi eotffiolent and I^ mud I^ air* l ight 
liit«a.altl«« at dltptH* 4 | and 4j|* 
fraj»»'P«rem»7 KwasurcniAnte w«jr« !saJ« with a s«o@hl difto, 
?0 cms i» ^iaeset«r, and th« l i«^t itttsnsltlcs «t 1^ « d«pth whsr* 
s»09hi iSlso 41«ap^&r«d ««r« nott^i bj thtt ]^oti»«t«r. 
BeaitXtsi 
Se3.ar imdloti«i 
fftl>l» 1 give* th« p«7o«ntag« fJr«qtt9ney CET aayti la r«X»tloii 
te sunshlB* hourK throu^hoat th« fe&r @n«! th« &T«r&g« dftilj^ llliffiii -
n«tl0B« A» 9mm b« mmmn fr&m th« fabl« th* pere9nlm,g»m of vciry 
bright dajs hftving 10-12 hours &M 8*10 hours of stmahino ar« 
largoot dmrlng tho y««r. Lmms bright dmym with 6*6 hours audi 
4«^ hours of sy^ehlJio &Rii elott4y days »ite 2<*4 and 0»2 hour* <tf 
otmohlno aro rolfttlvoly fowor. fho mr«i%$m imilf ilXuaiaatios 
progro»»iir«ljr looroaooo with looeor ntnibor of ounehino hours and 
on rery eloudy daya i t i s about 150 kilolux hours. 
Thm rolatioh bo^voan daily illuaination and total radiation 
haa alao baan shown in l^bla 1. tha oonTarslon factor uaad «aa 
57.5 IclloltHt for vwmry g oal/o« ninuta (Haraaiahan and Kwiar, 19^5) 
fha Taluaa of aelar radiation raoaivad during tho day in dlfforant 
noatha of th* yaar uadar airaraga ateoaihario oonditions ha^a baaa 
ahoim in f i g . 2 . It oan b« aaan froa tha figura that t^ ia total 
aoXftr radiation prograaairely dmetvsutmm froa fabnwxy to Juno and 
inoraaeea th«raaft«r froa July to January. Shla ia attHbtitabla 
to th« fn&BlHir of houre of sunslilii^ &M d«gre« of oloudlneoo 
in Tarlotaii montha. ?li« %yr9r&g9 aolar rmdi«tioa» howoiror, 
rooelTod pojr d«qr frcMa Ioir««b«i* to Fotiruai^ i s twie* «s groat 
ae that roe«lv«<l la ^uao mM July* flilo le ia nartet! oontjraet 
to higheff l«t;ltiidl«« «ii@re tKo solar radiatios la siiisBior aontho 
esaj bo 10>^0 or oToa 70 tlnoo av high aa la tito wlator aoatho 
(Atkiaa 19?St atoffisaa flaXsoa aai! Maaaoa 19<S1)* ?ho iaportaat 
points wfj>rth aotlag la tlio troi^loa la that tha oonYoatleaaX 
oaaooao a^ oh a« trtater, oprlagt aiaBaojr and autuiiat ahloh ara 
aaooolato^ »ith iu&i%o4 fluetuatieaa la dially taBpocr.tiu>a, 
laagth of ^ a iajr ^ad hour® of oiiaahlaa ara not applloablo to 
tha tropics* Htro tha attoauatioa of radiatloa ie mainXy 
doiHiBilaat oa tho iatansity of oloudt atooepheric ttirhldltf and 
irapour o««itaat of tha atnoophara* thus the saxiauB aolar 
radiatioa feuad durlag January and February eorraopoada to tha 
wintar alaiawi of hlghar latltudao. But ovaa la thaoa aeatha 
If ona finds a strongly ovoroaat day, the radiatioa irmXiio for 
that iiartieitXar day mn^  drop doim to nsar about aialaivi, !*«• , 
190 kllolux hours. ^iislXarly tha Kialatitti of Ooohin araa durlag 
tha «oath««w«iiit ssoaeoon (Jima - J^uly) oorraapoads to tha ntaxismn 
radiatioa of tho tsotparate sisasar. Flara agaia oa aa axoaptloaaXXy 
oXaar day i^a aoXar radiation nay raaeh aXsoot t^a wMclaia imXiaa 
(600 ItiXoXax hours). Harroy (I960) glTss ths dalXy iXXtniiaatloa 
for bright days la tha troploa aa 600 klXoXux hours. Taking 
iato oonsidsratlws aXX aaasoaa, ths avaraga radiatioa in tha 
Coohia arsa fa l l s approxioataXy within a raaga 290-550 g oaX/ott 
day. 
1 3 
&ine9 th« li^ht p«n«trtttlon In th« efttuajry im gt*&tXy 
r«du8«i ^oaaii* of liigh turbiait^t I t w»« ooii«ld«J»d dttsicmtol* 
for purf3s«« nf •tii.»iaril»fttion to oos^uet aa #xp«riAeiit using 
dlff®r«at ssak#« of phot<:m«t«r ^n4 »•« tvh&thar R11 th« liietjni<-
ffivats j^v* siiiiliijr JTCSUIIS. t1hil« experiaent ««e oonduotsd on 
Jtoiuftr^ r 5^  196$ «yid tl^ « {iliatiaHn«t«rtt WB9<i war* th« Itix-ffiet«r as 
<l««orllMi4 SAJfllArt a teaton 3^65«^ H (thitn«y) with a laiorotiffi-
met^r sntf iri^ a^ l^ ** asutral asasitjr f i l t er s and « finslsy'a m t t o -
aistsr with Mfttohsd 4sek pHotoesXX &n4i aall««st)ie<i read out. *%« 
results 0f this experinent ar<» givvn in Fig, 5. It i s ole«ir 
froa the f ifure ^Mt a l l tlie tikiree iastrtaients gave similar 
results . fh@ slight differenees obtained were prolMibl^ r beoi^ uee 
of differential ei^eotJml s e n s i t i v i ^ effeets i^iokei up hf eaeh 
instrument* However* cd; 1 ateter the l i i ^ t intensity ens redueed 
to 40-50? ,^ *t 2 aeters 15-20^* 3 aeters 5-4l6, 4 aeters t .5-2.5^ 
and at $ neters 0«5'-1^* The mean eactinotion eoeffioient^ of the 
three inetniBi«nts below 0«$ m werei l^tx-meter « 0«95t teston*>0.98 
and ?iiasley*s»0.99. 
Monthly data for the extinotion eoeffieients (k) at 
various depls oorresponding to rarlous stations have been given 
in Tahle 2* It ean he B99n fron the fable that throughout ^ « 
oheervfttion the It values were very high. Cooper and tfilne (1938) 
report even higher values of k fro* faatar estuary, from fable 2 
thers i s no evidenee to suggest that the ooeffloients inoreaae 
or deore&se frem one station to Id^ e other or froa surfaoe to the 
bottORf «i:«4ipt on f«w QcoAslons wh«n mtmit op«<:tii« patoh^e nad« 
the oo«fft©l»nt to lricrea«« rather ateruptly. This l»aieat«ii 
thiit ttarbidity In 1ab« ttstuary i» aore or l«e« hoaof•none • 
Sine* the ohaiif«t to th« k Tftlti»« froai senth to notith w«r@ i»i«l l , 
th« data for th» •n t i r* period of observation w«r« s»ool«cl into 
three m^&Borm eaoh of foar aonth«-?eli"*!ay w«r« t&lc«n a» pre-
flioneoon, <7une-Sept »• »oaeoon and Oot-^en poatHeoneoen* fheee 
hSTe ¥e€tT! ehofffi in Fig* 4t &t «^ o ^ ^ ^ ^ <c&n be eitfuMuriewi as 
foXXoirs* 
I^rinf the aonsoon sionthe due to exoeesiTe jiminfiiXI» the 
wiiter h«oo^«s highXy turhid and the l i gh t at «ilX e ts t ions i s 
reiaoed to afeout 17-22?f at 1 « and to ahout 1^ mt 3 » {average 
k«1.37) . In the post-aonsoon aonthe the Xight penetrmtion 
isf^roves 50-35'^ at 1 a and t^ at 4 » (sTerane k«1«18)» hat in 
the preHBoneoon months i t deterioi^tec a i^ in , 3i?«26lC at 1 B and 
^ 19^  at 4 « (^T^rage ]c»1*36)» except at s tat ion 4 m^ere progres-
s ive oXearing up of water IstproTes the l i g h t penetration in the 
preHRonscon months (arera^e lt*K04)« 
The relation between l i g h t ext inet ion (k) aiul seatoa 
(suspended matter) has heen ehoim in Fig . 5» The values of 
eeston were obtained by f i l t e r i n g a known qactntity of water and 
aeeurately w e i r i n g the dried f i l t e r before and after the 
f l l terat ion* It ean be seen f roM the f igtire that due to oenai-
derable eeatter in the points no relat ion between the two oould 
be drawn (correlation coef f ic ient *r* * 0.31 ) • I%iia suggests 
the preeence of laj^e and variable quantitiea of suspended 
i :'-
jpartlelee* Joaos an^ f i l l * (1956) to\xa& a linear rvlatlon 
b«tw»«n k ttii4 ioiNir ooBoentration of i&Detoii upto 10 »g/1 , 
but at hi|^9r eonoentratloaa i^» »mm% r@lati<m#hl|» eouM not 
h9 hel4 me the iner9a8« la Ic h^Qomts 1&B» st«&p. Sueh « 
variation iMts b««ii attrl^ttdl b^ r the6« autliorft to th« natiuro 
mni els* of ptrtleXo^^ in sueip^n^lon. Possibly tho mm9 oxpla-
AAtloa mmf be trit« c^ Cooltla baokwator wb«ro no roXationship 
ooiU.4 OK^ lst b»eii^ tt«e tbti sea ton eontant ima alwaya mx9»mmtr9 
&n^ tbe i^rtleXa aiaa rarlatlon oonaldarabXa• 
fba o1^«r taotor wiiloh say obaoura tha raXatlonehip 
bat«ra@n k <&ii! sa»t<m la tha pjraeanoa of tmf iXtajmbXa "SaXbatoff" 
(KaXXa 19116). thaaa aubatanoaa whloHi oarlginata aa aaoiXBpoaltlon 
produota of pX&nt aatarliaX Xaal to rapid axtinotion 9i Xlgbt 
(JarXoT 1951)• In aatuariaa a»d inshore imtara tbaaa yaXXow 
siibatanoaa ara fwamA in tho axeasalTa quantitiaa, for thay ara 
aaeoeiatai with auapandad aoXida brought down by tha rivara 
(JerXoT 1951)• Tha praaanoe of OaXbatoff in Coehin baokwatar 
imo imraatiiatad briafXy by naaanring tha abaorpticHa Bpaotjra 
of fiXtarad »aa watar at 10 AM intanraXa (KaXXa 1966), HaxiaiiiB 
aboorptloa oeearrad -n tha ranga of 40O«-9OO su and ainiM^i in 
tha ranga of $00«»700 aut. i%ia oonf imad tha prmemuf of vary 
Xarga qaantitlaa of yaXXow amttar in tha aatuary. 
Of^9^^ ^ «^^ tar and Ba.^k-g^attfr^ 
Saaohi dise axtinetioaa aa aa indax of opaoity of watar 
h«T« baan pXottad in Fig, 6 in reXatioa to pareantagaa tJrana«> 
i 
»i«sl{»n &t 8itjrfue« l i g h t . It eaa b« »»#a tieom tli« fl^iur« thiit 
th« •©!«•© f a l l within & riii5f« of 15-25* (a*«jft 22.6'i . , S,D,+ 5 , 3 ) . 
fh l s 1» BU0h higher than th« values r«port«(i i^ el«&r «ftt«rs 
(Poolt aa4 Atkins t9^®f B««ton 1958 and others) «tal f a l l s closo 
to the emnge of tr»niial»«lon r«port«d by Oell (1949)* thon tho 
turhiHty Is high* tho sueh rsduotlon in Hveehl dopth SOMBS 
&ssoolat94 with an inero&ao in poroon'^go transsisition of l i gh t 
i .fjj mojro l ight i s roquirod to »#• the dleo at lowor depths. Thi^ 
say be beeauee of differenoee between the hman eye and the ^ o t o -
e e l l to pereeive eujrfaoe glare and the epeotral aenaitlTlty of 
l i ght* At vexy low i^eoohi depth the stirfaoe glare inoreaeee 
eatiaing the iiipil of httastan eye to oontraot. ih i s glare w i l l have 
no eff«ot on the photooell but to the obeerver i t wi l l allow leae 
l i l ^ t to paee to the eye (Beaton 1953)• Hicsan eye in sioet eene i -
t i v e to a wavelength oloae to 550 mi (Beeton 1958} but ainee with 
the inoreKae in turbidity the penetration of l i gh t ahlfte nore and 
fit<^re towaria the red or orange rmd portion of the epeetrywit 
710-7€0 isit (Cooper and Miine 19>6, Clark 1954, Jeeton 1962) for 
whloh the hwe^n eye doee not s e w to be as senait ive as the photo-
c e l l (fend perh&pe for thle reason the i^otoneter records Kore l i f h t . 
Talking the transnioeton of sttrfaoe l i # i t where the Seoohi 
diae tliaappears as 02.6^, the relat ion of extinotioa ooeff lo ient 
(k) ani the Seeohi dleo 3 ean be obtained }sy etibatltutlng I .KIOO 
and l2*?2-S ih the equation <1). 
l E . l i ^ o r ^ (2) 
llvt other factor ^M i^oh i»ay lead to higher traniwiaslon 
ra t io at Beoohl depth i s the bfee}c«^oatterlng. Ihe rat io of baek-
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•oattftrliiit t^ • • r t l e a l i l l m i i u i t i o n in oloar waters haii hmmn 
found to raaga frtm 2-5* (Strlclcl&ad, 1958) or 3-6?C (i^th«r, 
1959). 
In Coehiii baolr««ter th« angular diatrllsutloa c^ l i g h t 
OR a (ieai<-oir<sui&r pXan« wae neasurad. fh« angXaa of {itooto-
natajf looking mpmmr^a and downwards wer« takan aa 0® and ^&f 
jraapaotlvttljr* fh« ration of l i g h t at various an|pL«« to the 
vartioal lIliiiRination at daptha ara giiran l a l^tola 5* I t oan 
ba wn fnm tHa fabla tluit the rat ios deoraaaa n^mn the angle 
of j^ot0iiet«r ia inere&ead and at a l l angles ax@ept when the 
back Boatterai l l # i t was aeaauredt ^ a rat ios gradually ineraasa 
wll^ dei^th. Thm ra t io of baoknioattered to Tertlosl liirht 
ranged frao fi-^:^ with depth (aTerage 5^)« This figure i s not 
very differant f r w similar rat loe reported hy Clark (1938) 
»m Atkins and loole (1940) i»nd confirms llultoert's ohaenration 
ttB quoted by Kyther (1959) that the baok-seattaring In turbid 
waters does not d i f fer appreciably froa clear watera. 
faking on an avtrage the baGk--aeatter@d l i g h t as ^€ in 
the baokwatery i t «9uld mean that the disc wi l l fade out a t a 
depth fro« tuyere the intensi ty of l i g h t reaohini; the observer's 
eyt i s reduoed to 9i^ t w^ich i s equal to the mttio of back-^soattered 
to vert ical l i g h t . Therefore^ substitatini; I^«100 and 22*9 (ZD 
instead «f !)# for the l i gh t travels twice froa the disc to the 
observer's eye) In l^e expression (1) 
k . 1,496/D or 1.5/0 ,,(3) 
It i s , therefore, olear that in h i i^ ly turbid waters 
the enpirieftl relat ion between Seeohi disc depth and k baaed on 
|i«r@«ntag« tJraiu»ii»»i9ii of aiutfao* lIliffliii«tlon Coqn 2) a»i th« 
ra t io *t baek:-^«att»r«d to Tartloal l i ^ t («gn 3) a^ rr^ e vory 
oloaeljr and ^ l a relationship say poaelbly hold trua to a l l turbid 
ffatuarlaa ani lalrae« Tha axpraaaloB k • 1.7/B of } ^ I « saS Atkins 
( 1 ^ 9 ) basad on tha data of fingliiih ohanfiel, «liare tha Saeohi dlae 
axtinotlon w?is at %5>B% of tha aurfaoa ilXisaination, aaose e p p l i -
oabia to a l l aoderatc'ly ela&r watars, but in vaxy olaar watara tha 
ralationahlp k • 1*9/Q aaoma «or» afraaabla (Strickland 1958)• 
fable 4 »howa tha avara^a valmaa of k obtalnad by tha 
photoaatar aii^ th® oc»putad valuaa of k fro» s«oehi diao raading 
by tha axpraaaion o^ Poola and Atkina and alao by the praaant 
ralatlonahip. It ia avidant frost tha fabla that tha oanputad 
iraluaa by tdhia pr«a*mt mxpreumion f a l l oloaa to tha obearved k 
•a luaa . 
A plot of tha raolprooel ^ S«oohl depth and tha mean k 
(Fig. 7) gava a relationahlp «d:iich «a« ai i i i lar to that ahoum tegr 
cirahaiB (t966) . The ragraeaion ltn9 shown in F ig . 7 gave 
y • 0»5$ X • 0,47 . . ( 4 ) 
the ooMpenaation depth of the euidiotle lone haa been 
deaeribed aa the depth where photoeyntheaia and reapiration Juet 
balaneea eaoh other reaalt iag into n i l production and no Inoreaee 
in organie itfitter OTor a day (Strickland 1953}• ^t thia depth the 
l i j ^ t intenaity 1» reduced to about 1< of i ta earfaoe intenaity 
(Staei&an Tielaen and Hanaen, 1961), although depending upon temper-
ature ete the peroentage a i fht well be e^ th ing fron 0,2 to 3.1 • 
In Ooetein Imok^ vrnt^ r the seaaoBaX changes In oonpenaatl&a 
diefth aa d»%«r?ata«d tosy the average trananieslon of ineldlent l l # i t 
have heon giv9n in * l g . 8 (n, b» o and d) for -rftrimie atat ioaa . 
As can be s«en frcaa the Fl,fure,dtje to high turbidity the oaapan-
8&tion diepth um^r exoea^ted 5-6 aeter©. Itoweat dept^ were recor-
AmA during tha isoneoon aoaths wh^n heayy r» infa l i brought in an 
exeeeelYe l0«kdi of a t l t »ndl st irred up the auapei^edl a&tter* In 
the poatHH'^ itsoQn months* due to progreaalire oXenring up «r ««ter , 
the e«wi|>«a»sitlon 3 e p ^ increased and ra&<^ a<i i t e laaxiBtai In Jan. 
andl Feb. At stat ion 1 whloh IK eloae to the herbonr, beoauae 
of oonetmnt st irring up of ae<3lQiente due to t idal action and 
tso-reraent of ehlpss, "ttbe oleariag up of wmter tn th« poet and pre-
^onaoot} eionthA w&n loaa aarked than at thd other s tat lona . In 
Aj^rll and May when the j)r©-«onaoon ahowers aet i n , the easipenc^a-
t lon depth deorefesea auddenly. in Jane the unexjHioted inor«M&fie 
In the eo»ipen»«ition depth at a l l atatlona ia beoauae the nonaoon 
waa delayed by a few weska in 1966. 
In Fig* 9 the oonpenantlon d^pth haa been plotted aip&lnat 
the Beoohi depth• It o^n be seen fron the figure that the Seoehi 
depth i s proportional to ooffipena&tion depth upto ? K, a f ter idiloh 
the relat ion between the two beeooMa exponential, i . e . , the 
inoreiiae in ;t>eeohi depth beooeea leaa than the inoreaee In otmpmn-
aation depth deteiwined by photooell . then ^ e turbidity i a high 
the diao dieappeara quietly and rather auddenly «ad, thereforet 
£1 f e i r l y aceurate detensination of Seoehi depth beeonea ea^r* But 
«'h«n the enter beeoaiea e learer , deaplte a l l preoautlone in readinirt 
diaorepanoiea arlae in detemining the exaot depth of ^eoohl diao 
ext inct ion, irrora to the extent of 2 f e e t have been notloed in 
2<j 
elmtut lak#0 (3»etoii 1954) audi pr«iia»aWjr in v#ry ©l.®ar «50«iiiile 
th« S«oohl <!t«e r«®d[lag» hy a faetor 3-4 (Stirlolclan<! 1965 )• Xa 
th« pr«»»nt of»B» thm jr«l&tiotii»hip not appro&ehing lla»«irity, 
h&» til* fora 
y • 5 « ' * 3t • • < i a * < * * * * * « « \ 7 / 
Th« mfMrmj$9 Jtmii&at «n«riy f«Iliiig cm th« wmt«r ftyurfao* 
^lff«r« fraai tlio»# jp«por%«<l frcEB othtir urnaa of tli« worXdi, 
pa?tlo«l»rly froia h l ^ « r Iatitiid«» (Kl«»ttll 1928). Xh» lapor-
tant point ffortli noting in th« tropias i» that th« ootrrantloiuil 
fl«aaonfl such as wintar, spring, auiSiSttir a^ id autus^ m vrhloli &r« 
a«iiooliit<id with maJrVs^ t fluotoatlona in daily t«up#i*&taJ*«9 
length of th« 4lj%y a^ «S tioure of aonahino ara not appXioabla to 
tha tropiee* H«r« tha attantiation of radiation la ant i ra ly 
^apanilant on tha Intaneity of oloud«» ataoophtrio turbidi ty 
mn$ vapour eontant of tha atnospliara* thua tha aaxiauii aolajr 
radiation found 4uring January andi Fabruary oorra«p(Hi4a to tha 
wintar miaiaafli of highar la t i tuda« (Sain ^ d i n 1965}* But 
av«t in that a montha if ona finds a atrongXy ovaroaat day» 
tha radiation i^alua for that part ioular day say drop doan to 
nanr nbout sinisiait i*«*f 150 kilolux houro. 3iniXarly tha 
minlKua of Coohin area during: tha aouth-waet nonaoon (<!fuMi -
July) oorraoponda to tha BtazintiB radiation of tha toiparata 
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r&dli&nt eiti«r^ aa^r r«&ob fOaioet tfott naxiauei Y&LU* (60Q SiXolux 
hotur®) • 
Froei th« t o t a l radiant «n«rgy f a l l i n g on th« &urtao« and 
th9 fr&etloB of th« v l t l b l o port ion of tho spootnoi rsaohini; 
tho varlouii d«pthe of th« ostoary havo b««a »hown in t i g * 10. 
Tho '^C have btion oemputed from tlio poolod m&luos of a t tonuat loB 
oooffloiftiit of a l l th« four s t a t i o n s (oo« i^bl« 2 ) . ^ineo 
photosynth«§ls of i ^ t o p l a i ^ t o n i e a function of l i g h t i n t s n a i t y , 
tho optimum x ^ i a n t o n o r ^ roquirod for maxiaiuB f^rowth c^ a 
fiix«4 pl^topl^nkton p o ^ l a t i o n i e l»oliev«4 to )N» D.0S«>0«t5 l y / » i n 
©r g oal/fflB*^ a ino to (i^triokland 1958), *or ohlorophyta, siiatosie 
ana ainofl&foll&tee, aythor (1956) glvoe a naa^t O,O5-0,16 l y / n i n 
an«l for B'OM^ ana l i g h t adaptor coeeolttho^io.roy Syracoeplmcra 
oar t«ra# tli« rango i» 0 .1-0.2 iy/iaia (Mo All i&ter 1961). i 'or 
troplo&l pfeytoplanlfcton 30-50:i of tlio surfaca i i l u s i n a t i o n ifi 
b«liev«<l to t>« tho optittUQ int@u^lty (stceaan lliel0#n and 
Jonson 195? )• In bae te r i a froo oul turae c^ SteoXetoneifia coata tua 
and SdiTAral epaoiae of djnoflajgfglXates, aaxiniat growth andi 
photooynthseis hava been found to ooour a t about 0.1 l y / a i n 
(Mo A l l l s t a r , Shah and Strickland 1964). ^'roa th«B<» d a t a , 
taking 0,1-0.15 ly/iain or 30-50;* of tb« Burfaea i l l un ina t i cm as 
a raasonable • s t i t i a t a of ti%a optiatra l l ^ t oondl t iona, tha s<ma 
of naxiauB photoaynth«@iB a t depths ohara t h i s entirgy i a 
ava i lab lo in tho aatuary has bmen shown in i^ig. 10. I t la o l a a r 
ci 
frtm lh« Flgiijr* that iB Sirnvtmry and Wmhraeutf «fhon th« ii«t«r 
i« rslatlT*!/ X^mm turbid, optisum radiamt «n9T^ I0 f&uml 
at about 1 * 1*5 netera. #ith th« lnor«aea in turbidi^ 
this m<m% gradually sorsa an,olo8« to tbe eurf&c«t and in 
Swam and July i t i s foui^ in btttwtaa surfaoa and 1 natar. 
At tha f©l»t ©f ooapenaation intanaity or tha lowar 
l i n i t of I i # t 'iihmtm tha raapijmtion juat balanoaa iNtiotoayntlia' 
aia, tha aiis^ r gr flu« la raduoad to 2 x tO~* - 5 x \Qr\f/miXL 
(«trie1cland t ^ a ) , Ilia oaloulatad mnergf flux, 11^  <tf tha 
aorfaoa radiant anargy (24 houra na&n) haa alao baan pXottad 
in Fig. 10 &8 GOBpanaation intanai^ ourva* Thia oiinra intar-
aaota tha varioua othar ourraa parteining to JKuliant 9nmtgf at 
? > 5 natara. It oan ba •••n frtm tha figura that in ^^ anuary 
tha ecM&panaation intanaity ia found at aboat 5 aatara aharaaa 
in othar nontha i t rangas fron 2<-4 aatara. "^ia agraaa well 
irith tha eiMpaReation daptha dataminad fros tha axtinotion 
ooaffieianta and faoohi diae raadinga. 
fha daily radiation fron aun and aky fal l ing at tha 
aurfaot ei Coohin baoknater on Tefy b r i ^ t daya with 10 * 12 
houra of aunahina, ia approxinataly 600 kilolux houra and on 
intanaaly ovtroaat daya with 0 - 2 houra of aunahina i t ia 
about 150 kilolux houra. Saaaonal ohan^aa in tha aolar radiation 
ahowad that aaxlmxR radiant anargy raai^aa tha aurfaoa froa 
^aoasbar to Maroh and Bininua froa Juna to Saptaibar. Thm f a l l 
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wlthla a rung* &i 250 - 550 g o&l/oB ^i^y. 
M«a»ur«»«nts of mxtlnctton co«ffioli>o*B thjroiislioyit 
tht yaar at foar ai f fareat «tation8 in the estuaJrj 8ho«r«tf 
that a«rinf th« aoiiBoon nonths (June - s«pt«ib#r) onlj about 
17 - 20^ I l # t 4P©ach»« 1 »*t®r ^od within 3 a»t»r« t t 1« 
re4uo»<S to ilt* In th« post-ceonaooa aoathft the l ight p«n«tr&~ 
tioB laip2*07«« l»iat In the pre•-fBOQsooii nonthe I t l e ai^iA 
reduoei. ^o reXatioashlp between k and seeton ««s found 
probably because the suspended sa t t er In the eetuazy was 
always exoesslTe. The ran^e In the rat io of Imok-soattered 
to verttoal l l ^ t was 2 - 8^. 
At the Seeehl dlao depth the aveirage transalsiRlon of 
Burfaee l ight latenBlty was 22.6?C, ISi-sf reoiprooal of Seoohl 
depth and extlnotlon eoeff loient ^m a l inear re lat ionship . 
The oonpensatioA depth warn Baxlnun during January «• Maroh 
(about 5 neters) and alnli8i» during the sonaotai a o n ^ s 
(about 2*5 meters). The crrerall relat ionship between ooaipen-
sation depth tmi Seoehi depth was ex|K>nentlal • 
The »ORS of optimtoi radiant energy (0.1-0.15 l y /b ln ) 
required for aaxlMUB i^otosynthesis as oonputed froa ths 
to ta l radiant energy f a l l i n g on the surfaoe and attsnuatlon 
eoef f i e i ent , was at about 1 - 1 . 5 nstsr in •January i^en the 
water was relatlTely l e s s turbid and in betwe«:i surfaoe and 
1 aster during the period of hin^ turbidity, ^ e ooapeneation 
iNidisjst snergy f lux was found to l i s between 2-9 a e t e r s . 
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Fig.1. Map showing the upper reaohee of the estucLty (Cochin 
backwater) with Its main connections with the Arabian 
sea* Open circles indicate the four stations where 
abserrations on light penetration were made. 
Fig.2. Average monthly values of solar radiation at Cochin 
during 1965-66• 
Fig.3. Penetration of light in Cochin backwater as shown by-
three different instruments on Jan.3i 1966* 
•, Lux-ineter;+,Weston 865-RR| 0, Tinsley*s ratio-meter. 
Fig.4* Seasonal changes in light penetration at four different 
stations of Cochin backwater during 1965-66. The year 
has been divided into three seasons - Jime-Sept. as monsoon, 
Oct-Jan as postHBonsoon and Peb-May as pre-monsoon. 
0, monBoonj+, post-monsoon} t, pre-monsoon. 
Fig*5« Relation between attenuation coefficient(k) and seston 
(suspended matter). 
Fig,6. Seochl depth plotted against percentage transmission 
of surface illumination at secchi extx'inction depth 
t, combined data of all stations} 0, average of 20-cm 
interval. 
Fig.7* The relation between reciprocal of secchi depth and 
the attenuation coefficient (k). 
y J 
Flg.8« S«aiK>i»l ohangss Itt th« coap«ne%tioii a«pth a t four 
aiff«r«at station* (a, b , Ot d) of Coohln liaekiMkter 
fros Aug 1965-July t96€. 
Fig.9* Th« raXation l>«tir«»n saoohi doptli and 0Mip«neatioa 
d«pth-th0 l a t t o r ha« boen takon as 11^  of surfaoo 
illufflinatioa* 
Fig,10. Total BoXar radiation fa l l ing at tha aurfaoe of 
Coohin iMiolcwatar during I^SS-^lS and the freotiona of 
i t reaching aaroh aotar depth (1-5)* The ineet 
figure ehowa the xiange in the optisitim l l lur l jmtion 
(0.10-0.15 ly/Kin) available for siasciauig) photo-
systheeio in various aonths. fbe eonpeneation 
intensity cunre {broken l ine) has aleo been drawn 
In the lower part of the f igure . 
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Fig. .^ . Penetration of light in Cochin Backwater as shown b> three dillercnl instrumeni 
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